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Abstract : The  "respiratory"  (Paco2^  "metabolic"  (Base  Excess, 
±BE)  ccxnponents  of  acid-base  homeostasis  are  defined.  A quantitative 
empirical  description  of  the  (inconplete)  mutual  compensations  in  steady 
acid-base  disturbances  primarily  occurring  in  either  of  the  two  components 
is  presented,  based  ipon  data  conpiled  from  the  literature.  Respirator)’ 
adaptations  in  steady  acid-base  disturbances  of  metabolic  origin  (hyper- 
ventilation with  h)q)ocapnia  in  primary  metabolic  acidosis,  and  h)’po- 
ventilation  with  hypercapnia  in  metabolic  alkalosis)  are  analyzed  as  a 
function  of  the  acidity  of  the  cerebral  fluids  (cerebrospinal  and  cerebral 
interstitial  fluid). 
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Acid-base  balance  is  an  integrated  homeostatic  system  in  \diich 
two  "independent  variables"^  are  used  by  tiie  controller:  PCD2  arte-  ; j 

rial  blood--the  "respiratory  comi^onent"--and  the  "strong- ion  difference"  ] 

([S.I.D.  ],  the  difference  betw'een  the  sirts  of  the  fully  dissociated 
cations  and  anions  in  blood  plasma)  for  tiie  "non- respiratory"  or  "meta- 
bolic component"  [19],  Deviations  from  the  no:ral  value  of  [S.I.D. ] : | 

I 

(about  42  mNI/1)  are  reflected  as  base  excess  (-Bj:,  m>I/l)  or  base  deficit 
(-BE,  m'1/1)  [18].  Hie  normal  acid-base  balance  in  a resting  person, 
brcatJiing  air  at  normal  barometric  pressure  is  ch.aracterized  by  PacC'  = 

40  torr  (5.33  kPa) , and  BE  = 0 ([S.I.D.]  = 42  r.'l'l),  pH  being  7.40. 

Primaiy  disturbances  in  the  "metabolic"  "non- respirator)’")  conponent 
are  characterized  by  dianges  in  BE:  +BE  (increase  in  [S.I.D.])  is  meta-  | 

bolic  alkalosis,  and  -BE  (decrease  in  (S.I.D.]  is  metabolic  acidosis.  j 

The  value  of  PaC02»  ^ given  CO2  production  "C'lQ-),  1/min) , is  inversely 
proportional  to  the  effective  alveolar  ventilation  (V^,  1/min) : 

Footnote^ 

An  "independent  variable"  is  one  that  caj:  I-te  changed  from  outside  of 
the  system;  cliange  in  one  independent  variable  dees  not  affect  the  value 
of  another  independent  variable.  "Dependent  variables"  in  the  acid-base 
balance  in  body  Quids  arc  e.g.  |ll'*’],  [Oi;"],  [I'Q*^],  dissociation  of 
weak  electrolytes  ("buffers").  Ihe  "dependent  variables"  can  only 
cliange  (all  simultaneously)  as  a function  of  ci.anges  in  one  or  more  cf 
tlie  independent  variables  [19]. 
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PaC02  = ^002/Va-  CD 

Deviation  from  the  noimal  Paco?  is  a consequence  of  change  in  pulmonary 
ventilation.  Thus,  the  regulation  of  breathing,  througli  its  effect  on 
PaC02>  is  an  integral  part  of  the  acid-base  homeostatic  system. 

IVhen  primary  disturbances  in  acid-base  balance  occur,  a mutual 
compensation  develops  within  hours,  and  is  fully  established  within  a 
few  days:  primary  disturbances  in  the  "respiratory"  corponent  are  com- 
pensated by  an  opposite  deviation  in  the  "metabolic"  component,  and 
\lce  versa.  Primary  respiratory  acidosis  (chronic  OOt  retention)  is 
compensated  for  by  raial  production  of  +BE,  and  with  primary  respiratory 
allcalosis  (dironic  hypocapnia,  as  e.g.  in  adaptation  to  high  altitude) 
a -BE  is  produced.  In  an  analogous  way,  primaiy  metabolic  alkalosis  or 
acidosis  induces  conpensatory  h>’percapnia  or  h>pocapnia,  respectively. 
Figures  1 and  2,  constructed  from  publislied  data,  describe  the  observed 
quantitative  interactions  bet\v’een  the  "respiratoiy^"  and  "metabolic" 
components  of  acid-base  regulation  in  humans.  In  primary  disturbances 
of  "respiratory"  origin  (Figure  1),  BE  changes  as  a function  of  PacD2* 
Over  the  range  of  Paco2  values  of  20  to  60  torr  (2.67  to  8.00  kPa) , the 
plot  fits  a straight  line: 

BE  (iii'I/l)  = 0.34  Paco2  (torr)  - 14  (2) 

llius,  for  instance,  when  Pa(D2  is  increased  from  its  nomwil  value  of  40 
torr  (5.33_kPa)  to  50  torr  (6.67  kPa) , BE  increases  from  0 to  3.4  mM/1. 
'lliis  renal  compensation  for  a primary  respirator)'  acid-base  disturi)ajice 
is  not  complete,  as  indicated  by  the  plot  of  "iso-pir'  lines  in  Figure 
1.  In  primar)'  disturbances  of  "metabolic"  origin  (Figure  2),  Pac02 
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d\anges  as  a function  of  primar)'  de\lations  in  BE.  Over  the  range  cf 
BE  -20  to  +20  mM/1  ([S.I.D. ] approximately  22  - 62  n'.'l/l),  the  plot  fits 
a straight  line: 

PacOo  (toiT)  = BE  (m'l/l;  40  (3) 

Hius,  for  instance,  BE  of  +10  laM/l  produces  aji  increase  in  P(j02 
+ 10  = 50  torr  (6^67  kPa) , and  BE  of  -10  rn'l/l  elicits  a Paoo^  value  ef 
-10  + 40  = 30  torr  (4.00  kPa) . Again,  as  seen  from  the  "iso-pIT'  lir.es 
in  Figure  2,  the  respiratory  compensatio:;  for  primar)’  metabolic  acic- 
base  disturbances  is  incon^ilete. 

Mechanisms  responsible  for  tliese  rtutual  coiqiensations  in  the  tuo 
tyjies  of  primarv’  acid-base  disturbances  l.ave  not  been  fully  clarified. 

Ke  sliall  not  comment  on  the  renal  medianisms  t;.at  produce  base  excess 
or  base  deficit  in  response  to  dironic  ir-percapnia  or  hypocapnia  (“icure 
1),  but  shall  concentrate  on  the  respiratory’  adaptations  that  follov.  the 
priman'  disturbances  of  "metabolic"  origin,  as  enpirically  described  Ln 
Figure  2. 

Changes  in  the  resting  pulmonar-’  \’entilation  I’.vith  reciprocal 
changes  in  Paco-**  Equation  1)  that  occur  in  metabolic  acidosis  and  alka- 
'losis  cannot  be  readily  explained  by  cr.er.ical  resi)iratory  stimuli  identi- 
fiable in  arterial  blood.  In  stable  metabolic  acidosis  with  established 
respirator)'  compensation,  Pac02  abncnr.ally  low  and  the  jn'evailing 
arterial-blood  pH  is  not  acidotic  enough  to  account  for  tlie  hyperventi- 
lation [6]  [7]  [14].  Analogous  reasoning  pertains  to  metabolic  alkalosis. 
It  appears  that  it  is  a change  in  [H"^]  in  cerebral  fluids  (cerebrospinal 
fluid,  CSF;  and  cerebral  interstitial  fluid,  cISF),  detected  by  the 
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"central  chemoreceptors"  in  the  medulla  oblongata  [13]  [16],  that  pro- 
vides a significant  stimulus  for  resetting  the  resting  pulmonai^'  ventila- 
tion in  response  to  metabolic  acidosis  or  alkalosis.  Folloiving  the  pio- 
neering ivork  of  LEUSEN  [11] , it  has  been  shovvTi  that  the  resting  \'^  (and 
its  reciprocal  function,  the  arterial -blood  PCO2)  proportional  to  the 
[H'*’]  in  cerebral  fluids  [2]  [3]  [6]  [7],  Tliese  fluids  are  separated 
frcm  blood  by  the  blood-brain  barrier,  and  their  ionic  con?x)sition  is 
different  from  that  of  tJie  ultrafiltrate  of  blood  plasma.  As  a result 
of  the  (poorly  understood)  functioning  of  the  blood  brain  barrier,  changes 
in  [S.I.D. ] (or  BE)  that  occur  in  blood  plasma  during  metabolic  acidosis 
or  alkalosis  are  attenuated  in  the  ionic  conposition  of  the  cerebral 
fluids  [12]. 

ITie  "central  chemoreceptors"  appear  to  be  located  at  some  distance 
from  the  ventro- lateral  surface  of  the  medulla,  exposed  to  cISF  and  not 
to  the  cisternal  CSF  [2]  [3]  [15],  Hoi^ever,  in  the  normal  acid-base 
balance  and  during  steady  metabolic  acidosis  or  alkalosis  at  normal  baro- 
metric pressure,  the  ionic  composition  (including  [H"^])  of  cISF  and  CSF 
are  the  same  [6];  thus,  the  variable  "centrogenic  respirator)'  drive" 
contributing  to  the  respiratory  adsptation  in  steady  "metabolic"  acid- 
base  disturbances  can  be  identified,  and  measured,  as  the  [H'*’]  in 
cisternal  CSF. 

Respiratory  adaptations  to  prolonged  stable  metabolic  acidosis 
or  alkalosis,  by  inducing  changes  in  PCO2  in  al\'eolar  gas,  arterial  blood 
and  other  body  fluids,  together  with  the  blood-brain  barrier,  vhich  at- 
tenuates tJie  reflection  in  cerebral  fluids  of  the  changes  in  [S.I.D. ] 
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existing  in  blood  plasma,  sen'e  to  reduce  the  variation  of  [}!■*■]  in  the 
cerebral  extracellular  fluids  to  a small  fraction  of  that  occurring  in 
blood  [7]. 
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Fig.  1.  Changes  in  base  excess  and  base  deficit  (±BE)  obsei'ved 
in  stable  acid-base  disturbances  of  purely  respiratoiy  origin.  Tl'.e 
heavy  line  is  least-squares  regression  of  BE  as  a function  of  prirar.' 
changes  in  Pa(X)?«  The  slope  Cl)  indicates  t’-'at  BE  dianges  by  0.54 
niM/l  with  a primaiy  change  in  Pac02  of  1 torr.  Ihe  thin  lines  are 
"iso-].-^!"  lines  of  the  plot  of  BE  vs  Pa^Q-)  in  blood:  the  renal  compen- 
sation for  respiratoiy’  alkalosis  and  acidosis  is  inconrlete.  Based  on 
data  compiled  from  references  [4]  [5]  [8]  [10]  [17]  [20]  [21]. 

Fig.  2.  Qianges  in  Paco?  observed  in  stable  acid-base  disturb- 
ances of  "metabolic”  origin.  Hie  heavy  line  is  least- squares  regres- 
sion of  PaC02  3-S  a function  of  primarv'  dvanges  in  base  excess  and  base 
deficit  (±BE) . live  slope  (\)  indicates  that  Pac02  dianges  by  1 torr 
with  primary  diange  in  BE  of  1 ni'4/1.  Comparison  witli  tiie  slopes  of 
the  thin  "iso-pIT'  lines  shows  that  the  respiratory  compensation  of 
stable  metabolic  acidosis  and  alkalosis  is  inconplete.  Based  on  data 
compiled  from  references  [1]  [7]  [9]  [21]. 
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